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INTRODUCTION. 

Diisciis.siniis  of  iiu'liisions  in  aluniiiiimi  alloys  have  iiol  appeared 
hitherto  in  nu'taniir«rieal  literature,  although  much  has  been  written 
re«rai"clin«r  soninis.'  sla«r%"  and  other  foreijrn  inclusions^  in  iron  and 
steel.  In  addition  a  few  scattered  pai)ers  dealin<;  with  forei<rn  in- 
clusions in  brass  and  bronze*  and  other  nonferrous  metals''  have 
appealed.  In  aluminum-alloy  foundry  parlance,  metallic  and  non- 
metallic  inclusions  are  termed  "hard  spots."  and  in  ahuninum-alloy 
sand  castin<rs  and  in  die  castin<r«  they  are  very  ti-ouWK'somc.  The 
inclusions  diti'er  so  widely  that  the  term  "  hard  spots  "*  is  only  rouLddy 
descriptive  at  best;  in  fact,  the  term  is  exceetlin<rly  undesirable,  and 
should  not  be  accepted  in  the  nomenclature  of  metallography.  How- 
ever, l)ecause  it  has  been  in  common  usage  for  such  a  long  time  it  will 
be  used  in  this  paper  to  include  all  kinds  of  metallic  and  nonmetallic 
inclusions  that  cause  difficulty  in  polishing  and  machining  alumi- 
num-alloy castings.  Another  justification  for  the  use  of  the  term 
is  that  this  paper  is  published  for  founders  rather  than  metal- 
lographers.  Hard  spots  in  aluminum-alloy  sand  castings  are  well 
known  to  the  former,  and  certain  kinds  of  hard  spots  are  frequently 

'  Ilibbard,  H.  D.,  The  solid  nonmetallic  impurities  in  steel — sonims  :  Proc.  Intern.  Assoc. 
Test.  Mat.,  6th  Congress.  New  York,  1012.  part  2,  p.  10.  The  solid  nonmetallic  impuri- 
ties iu   steel    ( sonims  i  :   Trans.   Am.   Inst.   Min.   Eng.,  vol.  41,    1910,   pp.   80;i— 822. 

=  Uosi'nhain.  W.,  Slag-enclosure:  Proc.  Intern.  Assoc.  Test.  Mat.,  (Sth  Congress,  New 
York.  1012.  part  2,  p.  2. 

2  Arnold.  J.  O..  and  Bolsover,  G.  R..  The  forms  in  which  sulphides  may  exist  in  steel 
ingots:  .lour.  Iron  and  Steel  Ins?t.,  vol.  SO,  1014,  pp.  ,'?96-403  ;  vol.  91,  1915,  pp.  271-274. 
C'omstock.  O.  1'..  Alumina  in  steel  :  Met.  and  <'hem.  Eng..  vol.  1."?,  lOl.'i,  pp.  SOl-^Oo  ;  and 
A  method  for  distinguishing  .sulphides  from  oxides  in  the  metallography  of  steel.  Trans. 
Am.  Inst.  Min.  Eng.,  vol.  .">(>,  101C.-17.  pp.  5.5:^-.5(iO.  Sauveur.  .\.,  An  inve.stigation  deal- 
ing with  the  occurrence  of  alumina  inclusions  In  steel  :  Met.  and  Chem.  Eng..  vol.  I.^j. 
1916.  pp.  149-151.  McCance,  A.,  Inclusion.-^  in  steel  :  .lour.  West  of  Scotland  Iron  and 
Steel  Inst.,  vol.  24.  1916-17,  pp.  .55-68  ;  ajid  Nonmetallic  inclusion.s,  their  constitution  and 
occurrence  in  steel  :  .lour.  Iron  and  Steel  Inst.,  vol.  07.  1918,  pp.  230-286.  Kilby,  .1.  N., 
Steel  ingot  defects:  .lour.  Iron  and  Steel  In.st..  vol.  95.  1917.  pp.  69-80.  Stead,  .1.  E., 
Note  on  inclusions  in  steel  and  ferrlte  lines  :  .lour.  Iron  and  Steel  Inst.,  vol.  97,  1918.  pp. 
287-292. 

••  Comstock.  G.  F.,  Notes  on  nonmetallic  inclusions  in  bronze  and  brass  :  Trans.  Am. 
Inst,  of  Metals,  vol.  12,  1918.  pp.  5-10. 

'  Thomp.*!on.  F.  C.  O-n  graphite  and  oxide  inclusions  in  nickel  silver:  .lour.  Inst. 
Metals,  vol.  22,  1919,  pp.  327-328. 
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tound  in  aluminum -base  die  castings.  Ordinarily,  hard  spots  are 
not  noticed  durinj;  the  routine  inspection  of  rough  castings  in  the 
foundry,  but  usually  come  to  light  during  machining.  Much  diffi- 
culty may  be  experienced  when  machining  aluminum-alloy  castings 
containing  hard  spots,  and  their  presence  may  be  one  of  the  principal 
causes  of  machine-shop  scrap,  in  addition  to  ruined  milling  cutters, 
lathe  tools,  and  drills.  Certain  kinds  of  hard  spots  may  be  found 
when  gates  are  being  sawed  off  at  the  band  saw.  or  on  cutting  at 
the  sprue  cutter,  or  when  chipping  and  grinding  is  being  done. 
Furthermore,  several  kinds  of  hard  spots  may  be  readily  detected 
in  the  foundry  by  fracturing  the  gates:  if  hard  spots  are  present 
in  the  gates,  they  will  normally  be  present  in  the  castings.  Whether 
or  not  hard  spots  are  numerous  in  an  aluminum-alloy  casting, 
this  defect  may  be  such  as  to  cause  much  difficulty  in  machining 
and,  at  times,  even  to  prevent  the  finishing  of  machine  work  after  it 
has  begun.  Milling  cutters,  turret-lathe  tools,  drills,  and  other  ma- 
chine tools  can  be  quickly  dulled  and  rendered  unfit  for  cutting  when 
the  cutting  edges  strike  hard  spots  in  a  casting.  When  hard  spots 
are  present  in  aluminum- alloy  castings,  they  slow  down  machining, 
cause  many  castings  to  be  scrapped,  involve  loss  of  machine  work, 
reduce  production,  ruin  cutting  tools,  and  irritate  machine  operators. 

PURPOSE  OF  INVESTIGATION. 

Although  many  representative  aluminum-alloy  founders  by  care 
in  practice  have  been  able  practically  to  eliminate  hard  spots  and 
resulting  trouble  when  aluminum-alloy  castings  are  machined,  others 
still  have  periodic  difficulties  because  of  this  defect.  A  number  of 
foundrymen  have  suggested  at  various  times  that  the  Bureau  of 
Mines  investigate  hard  spots,  put  the  available  information  on  record, 
and  suggest  preventive  methods.  Such  an  investigation  was  under- 
taken and  carried  out  in  connection  with  the  bureau's  work  on  casting 
losses  in  aluminum- alloy  foundry  practice.  The  present  paper  is 
published  as  a  contribution  to  the  literature  of  aluminum-foundry 
practice  and  as  a  guide  to  founders  in  preventing  scrap  losses  from 
hard  spots  in  castings. 

ACKNOWLEDGMENTS. 

The  writer  is  indebted  to  numerous  representatives  of  aluminum- 
alloy  foundries  who  have  kindly  supplied  data  and  samples,  and 
particularly  to  F.  Felix,  of  the  Apex  Foundry  Co.,  Cleveland,  Ohio. 

The  analyses  mentioned  on  page  20  were  made  by  J.  H.  Capps. 

METHOD  OF  INTESTIGATION. 

In  conducting  the  present  investigation,  a  number  of  aluminum- 
alloy  founders  were  requested  to  outline  their  experience  with  hard 
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spots  and  to  submit  typical  samples  of  castinfjs  containing  this  defect. 
The  information  thus  «ratheied  was  analyzed,  and  the  samples  sub- 
mitted were;  examined  microscopically.  In  this  way,  the  experience 
of  representative  foundrymen  has  been  made  available,  and  practi- 
cally all  possible  kinds  of  hard  spots  have  been  examined,  Further- 
moie.  an  invest ipition  was  made  of  the  actual  conditions  in  a  foun- 
dry which  was  in  the  throes  of  an  epidemic  of  hard  spots  for  six  or 
eight  weeks.  In  addition,  hard  spots  were  produced  purposely  in 
sand  castings. 

EXPERIENCE  AT  FOUNDRIES. 

P\)unders  and  foundry  metallurgists  who,  in  reply  to  inijuiries, 
Jelated  their  experience  with  iiard  spots  in  aluminum-alloy  castings 
have  supplied  considerable  information.  Evidently  the  opinions  of 
founders  who  have  had  trouble  with  hard  spots  and  have  i^een  able 
practically  to  eliminate  this  defect  should  be  particularly  valuable. 
Excerpts  from  replies  follow. 

FOUNDRY  A  (SAND-CASTING  PLANT). 

In  regard  to  hard  spots  in  aluniinum-alloy  castings,  our  experience  with  this 
trouble  is  that  it  usually  comes  from  using  remelted  aluminum  which  has  been 
run  do\v^l  from  borings,  where  the  iron  content  has  not  been  eliminated  before 
melting. 

Iron  chips  in  aluminum  borings  will  not  melt,  but  they  ball-up  with  aluminum 
on  the  outside  of  each  chip  and  are  suspended  in  the  metal.  This  iron  chip  or 
boring  (hard  spot)  oxidizes  and  becomes  very  hard  after  melting  once  or  twice. 
These  hard  spots  will  not  segregate,  but  will  be  held  in  suspension  throughout 
the  casting  in  different  parts.  At  least  this  is  our  theory  of  this  trouble,  be- 
cause for  several  years  we  were  bothered  very  much,  and  found  out  that  it  was 
due  to  using  remelted  aluminum  made  from  aluminum  chips  containing  iron 
borings.  After  we  stopped  using  such  aluminum,  we  hnve  had  no  further 
trouble. 

Another  point  which  we  watch  very  carefully  is  that  there  is  no  core  sand 
left  in  the  castings  which  we  remelt ;  otherwise,  this  sand  may  find  its  way 
into  the  castings  and  cause  small  hard  spots.  The  explanations  which  have 
been  given  to  us  regarding  hard  spots  have  been  merely  suppositions.  Hard 
spots  appear  and  disappear,  but  we  think  that  they  are  caused  by  some  foreign 
substance,  which  is  not  originally  in  the  metal  itself,  as  we  have  never  found 
them  in  new  metal. 

FOUNDRY  B   (SAND-CASTING  PLANT). 

We  have  never  found  hard  spots  in  our  aluminum-alloy  castings,  and  a  dili- 
gent inquiry  has  failed  to  disclose  any  evidence  that  our  machining  sections 
have  ever  had  trouble  with  this  defect.  «  *  *  We  had,  at  one  time,  some 
trouble  with  oxide  spots  in  magnalium  castings,  but  have  discontinued  using 
this  alloy. 
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FOUNDRY  C   (DIE-CASTING  PLANT). 

So-called  lianl  spots  are  rerojruized  l\v  us  a?  of  three  distinct  classes: 

1.     Distinct  nonnietallic  particles  resembling  particles  of  sand. 

•2.     Distinct  black  metallic  particles,  nuijcnetic.  resemblinji  liard  iron. 

3.     Gray  amorphous  seniimetallic  particles. 

We  attributed  1  and  2  above  to  the  adherence  of  sand  and  scale  to  the  iron 
castinfrs  used  as  melting  pots,  and  decided  to  pickle  all  iron  castings  so  used. 
By  pickling  the  castings,  as  tliey  came  from  the  founilry.  in  a  weak  solution  of 
hydrochloric  and  hydrofluoric  acids,  at  least  90  per  cent  of  our  hard  spots 
were  eliminated. 

Condition  3,  however,  still  exists  to  a  small  extent.  "We  have  been  able  to 
isolate  good  samples  of  these  .gray  spots  and  upon  analysis  found  them  to 
consist  of  approximately  4  per  cent  carbon  and  96  per  cent  aluminum,  which 
led  us  to  believe  that  these  hard  spots  were  due  to  the  formation  of  a  carbide 
of  aluminum. 

In  melting  aluminum  in  a  cast-iron  pot.  the  iron  dissolves  gradually  in  the 
aluminum.  We  are  of  the  opinion  that  this  dissolved  iron  does  not  cause  any 
hard  spots,  since  it  is  dissolved  uniformly  in  the  alloy  and  the  bard  spots 
have  no  direct  bearing  on  the  iron  content  of  the  aluminum  castings  as  shown 
by  analysis. 

It  is  our  belief  that  as  the  iron  is  dissolved,  the  carbon  present  is  liberated 
in  an  active  form  and  combines  with  the  aluminum  to  form  a  carbide  which 
collects  on  the  walls  of  the  melting  pot  and  finally  hnds  its  way  into  the 
castings.  Assuming  this  theory  to  be  correct,  the  solution  would  be  in  the  use 
of  a  melting  pot  having  the  lowest  carbon  and  silicon  content.  We  are  pro- 
ceetling  on  this  theoiy  and  expect  to  try  out  some  steel  pots  having  the  lowest 
possible  carbon  content. 

FOUNDRY  D  (SAND-CASTING  PLANT). 

We  have  seldom  found  many  instances  where  the  machine  shop  has  had 
contentions  that  castings  were  hard  in  spots.  The  misuse  of  the  word  "hard  " 
is  prevalent  among  machinists.  They  say  that  the  metal  is  "  hard  "  when  what 
they  really  mean  is  that  "  it  is  difficult  to  machine."  Very  often  the  difficulty 
ari-sing  is  due  to  the  metal  being  rather  soft,  causing  subsequent  dragging  in 
machining  operations.  *  *  *  In  a  few  instances,  however,  we  have  been 
unable  to  determine  the  cause  for  the  trouble  which  the  machine  shop  was 
experiencing.  *  *  *  The  so-called  hard  spots  disappeared  before  we  could 
ascertain  what  they  really  were. 

In  many  cases  we  have  found  the  hard  spots  due  to  the  chemical  composition 
of  the  alloy  used.  Magnesium  present  in  small  amount,  even  0.25  per  cent, 
has  caused  us  difficulty.  We  found  that  a  tool  and  a  set-up  which  would 
machine  a  straight  No.  12  alloy  would  not  work  on  a  No.  12  alloy  containing 
this  small  amount  of  magnesium. 

Other  hard  spots  that  we  have  run  into  were  small  black  inclusions  in  the 
f)riginal  virgin  aluminum  from  which  we  made  our  casting  alloys.  *  *  *  The 
little  black  spots  are  hardly  more  than  microscopic  in  size,  and  *  *  *  have 
been  explained  to  us  as  a  formation  of  carborundum,  the  carbon  and  silicon 
uniting  in  the  electric  furnace  when  the  aluminum  is  manufactured. 

*  *  *  The  opinion  has  also  been  voicetl  that  hard  spots  would  be  caused 
by  small  percentages  of  manganese.    This  does  not  seem  plausible  to  us. 
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FOUNDRY  E  (SAND-CASTING  PLANT). 

From  our  experience,  hard  si)ofs  in  aliirninnni  castings  come  from  one  of 
two   soun-fs: 

(1)  When  alumiiiuui  Is  kept  molten  in  an  iron  pot  or  crucible,  ladled  out 
in  rather  small  amounts,  and  additional  metal  rt'charRed,  it  wets  the  sides  of 
the  container  and  forms  a  small  layer  of  aluminum  which  soon  oxidizes. 
This  l)uilds  up  in  thickness,  turning  more  and  more  into  oxide  until  there  is 
apt  to  he  a  layer  of  aluminum  and  oxide  mixe<l  adherinp;  to  the  side  of  the 
pot  In  ladling  out  metal,  if  the  ladle  scrapes  against  the  side  of  the 
pot.  small  particles  of  this  will  break  off  an<l  get  in  the  molten  metal  and  be 
poured  in  the  castings.  The  way  to  eliminate  this  is  to  use  an  iron  scraper 
and  scrape  d<iwn  the  sides  of  the  pot  at  least  three  or  four  times  daily,  and 
skim  off  the  scrapings,  putting  them  with  the  regular  skimmings  to  be  refined 
in   tlie  ordinary  way. 

(2)  In  cleaning  up  chii)s  and  sloppings  from  the  tioor,  especially  where  tlie 
floors  are  of  concrete  or  dirt,  small  particles  of  concrete  or  gravel  are  apt  to 
be  swept  up.  These  are  charged  into  the  furnaces  along  with  the  metal  to  be 
melted  and  on  account  of  the  small  difference  in  specific  gravity  of  the  alumi- 
num and  concrete  they  become  mixed  with  the  metal  and  are  apt  to  be  ladle*] 
out  and  poured  into  the  castings. 

By  carefully  watching  the  above  sources  of  trouble,  we  have  been  able  to 
practically  eliminate  the  question  of  hard  spots  which  interfere  with  machin- 
ing. 

FOUNDRY  F    (SAND-CASTING  AND  DIE-CASTING  PLANT). 

Referring  to  your  letter  in  regard  to  hard  spots,  we  recognize  tlu'ui  to  he 
of  two  kinds ;  those  due  to  sand  and  stone  and  those  due  to  iron.  All  hard 
spots  are  due  to  foreign  materials  since  they  get  iu  the  eastings  in  the  foundry 
and  are  never  found  in  virgin  melting  stock. 

The  first  kind  of  hard  spots  come  from  charging  such  materials  as  core 
sand,  pieces  of  brick,  and  pieces  from  the  cement  floors,  while  the  second 
seem  to  be  due  to  core  wires,  nails,  iron  chips,  and  drillings.  Also,  spots 
due  to  iron  must  come  from  melting  in  iron  pots  *  *  *.  When  melting 
in  new  iron  pots,  hard  spots  are  rarely  found,  but  they  often  occur  when 
melting  in  old  pots  under  certain  conditions.  In  melting  this  way,  a  hard 
brittle  iron-aluminum  formation  occurs  which  sticks  to  the  sides  of  the  pot ; 
if  this  is  knocked  off  into  the  metal,  hard  spots  follow.  *  *  *  In  stirring 
metal  in  an  old  pot  or  in  ladling,  pieces  of  this  hard  compound  are  always 
kn^ocked  off  into  the  metal  if  the  stirrer  or  ladle  hits  the  sides  of  the  pot. 

However,  by  scraping  the  pots  about  three  times  a  day  and  by  being  careful 
not  to  hit  the  sides  of  the  pot  on  ladling  or  stirring,  we  have  been  able  to 
eliminate  most  spots  due  to  this  cause.  In  scraping  the  pots,  all  of  the  hard 
compound  adhering  to  the  sides  must  be  loosened  and  removed,  and  if  any  is 
left  in.  it  will  cause  hard  spots.     *     *     * 

We  also  found  another  kind  of  hard  .spots  which  really  ought  not  to  be 
called  hard  spots  at  all ;  these  are  sand  inclusions  and  seem  to  be  found  always 
on  the  cope  side  of  the  castings,  as  in  crank  cases.  W'e  think  that  they  are 
due  to  wrong  gates  or  to  too  fast  pouring  because  the  sand  from  the  mold 
is  washed  into  the  surface  of  the  casting.  These  spots,  then,  consist  simply 
of  sand  from  the  mold  washed  into  the  casting  by  the  flowing  metal.  *  *  * 
9o4G6— 22 2 
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FOUNDRY  G  (SAND-CASTING  PLANT). 

Our  experience  with  hard  spots  iu  aluminuiu  ingots  and  castings  has  been 
quite  extensive.  A  few  years  ago  we  endeavored  to  have  an  aluminum  pro- 
ducer explain  these  conditions  which  we  found  in  ingots  furnished  us. 

The  producer's  explanation  was  to  the  effect  that  it  was  an  aluminum  oxide 
which  they  were  unable  to  overcome,  and  to  the  present  day  we  find  difficulties, 
althoush  not  so  bad.  We  find,  sometimes,  in  melthig  that  unless  we  are  very 
careful  this  difficulty  will  crop  out  through  carelessness  in  our  foundry.  We 
have  discovered  that  if  the  iron  melting  pots  are  not  thoroughly  cleaned  each  day 
we  have  this  trouble,  which  we  think  is  caused  by  the  scale  from  the  iron  pot 
alloying  with  the  aluminum  in  melting. 

FOUNDRY  H   (SAND-CASTING  PLANT). 

We  have  never  experienced  at  this  plant  the  troubles  referred  to,  at  least  in 
no  exaggerated  form.  The  only  trouble  of  this  nature  which  we  might  mention 
is  where  in  trying  to  make  use  of  machine-shop  scrap,  particles  of  iron  or  other 
foreign  materials  find  their  way  into  the  aluminum  and  give  some  trouble  in 
machining.  It  seems  to  us  that  this  is  probably  the  most  likely  source  of  hard 
spots,  for  we  presume  in  foundries  having  a  large  production,  such  as  auto- 
mobile crank  eases  and  other  parts,  the  machine-shop  scrap  is  remelted,  and 
there  is  every  opportunity  for  foreign  matter  to  find  its  way  into  the  aluminum. 

KINDS  AND  CHARACTERISTICS  OF  HARD  SPOTS. 

Various  kinds  of  hard  spots  in  aluminum-alloy  castings  are  recog- 
nized by  different  founders,  and  it  is  evident  that  such  inclusions 
may  be  classified  according  to  their  character.  In  the  same  way  it  is 
also  possible  to  determine  the  causes  of  hard  spots  and  suggest  meth- 
ods for  preventing  their  occurrence.  All  hard  spots  may  be  divided 
into  two  classes— nonmetallic  hard  spots  and  metallic  hard  spots. 
The  essential  features  of  each  are  discussed  below. 
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o,  PIECE  OF  BRICK  IN  GATE  (X  1);  6,  PIECE  OF  STONE  IN  GATE 
(X  2);  c,  PIECE  OF  HARD  CLAYEY  MATERIAL  IN  GATE  (X  2); 
d.    CHUNK    OF    CRUCIBLE    IN    GATE    (X   2). 
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a,  STONY  HARD  SPOT  IN  VACUUM-CLEANER  FAN,  UNETCHED, 
VERTICAL  ILLUMINATION  (X  7);  6,  INCLUSIONS  OF  BITS  OF 
CRUCIBLE  IN  VACUUM-CLEANER  FAN,  ETCHED  NaOH. 
OBLIQUE  ILLUMINATION  (X  1  )\  c,  CHUNK  OF  CRUCIBLE  IN 
POLISHED  CASTING,  OBLIQUE  ILLUMINATION  (X  4.5). 
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NONMETALLIC  HARD  SPOTS. 

riult'i-  this  lH'atliii<:  air  iiichuU'd  all  such  hard.  t'(»n*i<;ii.  iioumetallic 
iiichisioiis  as  pieces  of  brick  or  cement,  chunks  of  crucibles,  core  sand 
and  molding'  sand,  and  hard  clay.  Those  niatciial-  can  not  be  found 
m  the  castin<rs  uidcss  they  are  char«red  into  the  nicltinjr  pots  or  are 
allowed  to  fall  into  the  pourinjr  ladles,  and  they  can  not  be  associated 
normally  with  the  ori<final  nieltin«r  stock.  Xoninetallic  hard  spots 
ranpe  in  size  from  microscopic  particles  to  chunks  one-half  inch  cube 
and  larirer.  Occasionally  there  may  be  a  so-called  occurrence  of 
hanl  spots,  as  where  surface  sand  is  found  in  a  castinj:.  i)ecause  in- 
correct pitin<:  or  rapid  pourin<r  or  both  permitted  sand  from  the 
mold  to  be  eroded  by  the  stream  of  metal  and  carried  into  the  casting. 
On  niachinin<r.  any  surface  sand  mi<rht  «rive  trouble  and  dull  the 
cuttinjr  ed«res  of  machine  tools.  Actual  examples  of  this  have  been 
observed. 

Typical  examples  of  nonmetallic  hard  spots  found  in  aluminum- 
alh)y  castinjrs  are  shown  in  Plate  I.  a.  h.  c,  and  d,'  Plate  II,  a,  6, 
and  r:  and  Plate  III.  <i.  h.  r.  and  d.  The  photographs  in  Plate  I 
show  large  inclusions  uncovered  at  the  band  saw  on  sawing  off  gates 
from  castings  of  No.  12  alloy.  Thus.  Plate  I.  c.  shows  a  piece  of 
brick  caught  in  a  gate  cut  from  a  crank  case:  in  Plate  I.  h.  a  piece 
of  stone  in  a  nozzle  gate :  Plate  I.  r.  a  piece  of  hard  clayey  material 
in  a  gate  from  a  motor  housing:  and  in  Plate  I.  d,,  a  piece  of  crucible 
in  a  gate  from  a  vacuum-cleaner  casting.  The  magnifications  given 
indicate  the  actual  size  of  these  inclusions.  "When  such  large  non- 
metallic  inclusions  occur  in  gates,  the  band  saw  or  the  sprue-cutter 
knife  may  strike  them  and  be  broken  or  at  least  dulled.  If  such 
inclusions  occur  in  the  actual  castings,  a  cutting  tool  may  strike  them 
and  have  its  edge  broken  off  or  turned  over.  It  is  more  desirable 
that  the  inclusions  occur  in  the  gates  than  in  the  castings,  but  ordi- 
narily if  they  are  foimd  in  the  gates  they  will  also  be  found  in  the 
castings  as  well.  However,  large  nonmetallic  inclusions  are  not 
nearly  so  numerous  as  similar  small  inclusions,  and  the  latter  are 
lilcely  to  give  more  trouble  on  machining.  Large  inclusions  are  not 
likely  to  be  numerous,  but  small  inclusions  tend  to  be  very  numerous 
when  they  are  present  at  all. 

Plate  II.  a,  shows  some  fairly  large  stony  hard  spots  in  a  casting  for 
vacuum-cleaner  fan.  and  Plate  II.  h,  shows  some  crucible  bits  in  the 
same  sample:  the  dark  areas  in  the  latter  are  small  pieces  from  a 
plumbago-clay  crucible.  Plate  II.  c.  shows  a  large  piece  of  crucible 
which  had  been  brought  to  the  surface  on  polishing  the  casting. 
Plate  III.  rt,  is  a  macrograph  of  a  section  cut  from  a  casting  that  gave 
so  much  trouble  on  machining  that  the  casting  was  scrapped.  The 
black  areas  in  this  photograph  are  inclusions  of  sand  and  bits  of 
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crucible.  Plate  III,  ^>,  shows  the  microstructure  of  one  of  tlie 
small  inclusions  in  Plate  III,  a.  In  Plate  III.  e,  it  shows  a  stony 
inclusion  in  a  die  casting;  the  large  black  area  is  the  stony  hard  spot, 
and  the  small  black  needles  are  the  iron-aluminmn  compound  FeAl,. 
Plate  III,  d,  is  a  micrograph  showing  the  structure  of  the  stony 
spot;  the  black  area  is  the  stone,  the  white  ai-eas  are  the  aluminum- 
alloy  matrix,  and  the  white  needles  are  the  compound  FeAlj. 

METALLIC  HARD  SPOTS. 

So-called  inclusions  of  the  iron-aluminum  compound  FeAlj  are  not 
really  inclusions  at  all ;  the  presence  of  these  needles  of  FeAla  in  a 
92  :  S  aluminum-copper  alloy  high  in  iron  (say  oyer  2  per  cent) .  is  due 
simply  to  the  fact  that  in  a  ternary  aluminum-copper-iron  alloy 
FeAlj  is  insoluble  in  aluminum  in  the  solid  state.  Roughly  speaking, 
howeyer,  it  may  be  said  that  so-called  metallic  hard  spots  are  generally 
due  to  iron.  Thus,  the  iron  may  be  so  high  in  No.  12  alloy  that  large 
crystals  of  FeAlj,  will  be  formed ;  this  compound  is  hard  and  brittle, 
and  when  the  iron  exceeds  2  per  cent,  difficulty  may  be  experienced  on 
machining,  and  usually  will  be  on  polishing.  Actual  irony  spots  (true 
inclusions)  may  arise  from  charging  nails,  core  wire,  iron  chaplets, 
chills,  or  other  bits  and  pieces  of  iron  with  the  scrap.  If  the  melting 
is  rapid,  this  iron  may  not  dissolve  completely  and  form  FeAlj,  but 
may  remain  as  solid  iron  in  the  liquid  alloy.  In  the  final  casting,  these 
actual  pieces  of  iron  may  be  shown  to  be  steel  or  iron  under  the  micro- 
scope. Moreover,  if  pieces  of  the  hard  iron-bearing  scale  formed  in 
iron-melting  pots  are  knocked  off  into  the  melt  on  stirring  or  ladling, 
actual  inclusions  of  this  scale  may  appear  in  the  castings.  Hence,  it  is 
advisable  to  distinguish  clearly  between  so-called  hard  spots  that  are 
definitely  known  to  be  FeAlg  and  actual  inclusions  of  iron  or  irony 
scale.    The  distinction  can  be  shown  readily  by  photomicrographs. 

Plate  IV,  a,  h,  r,  and  d,  are  photographs  of  a  section  cut  from  an 
aluminum-base  die  casting,  high  in  iron,  which  gave  much  difficulty 
both  on  machining  and  on  polishing.  Plate  IV,  «,  is  a  photomi- 
crograph showing  the  hard  crystals  and  needles  of  FeAlg  embedded 
in  the  alloy  matrix.  Plate  IV,  h,  shows  crystals  of  FeAlj  in  an 
unetched  section  at  low  magnification.  Plate  IV,  c  and  d,  show 
FeAlg  in  this  same  section  under  higher  power.  When  a  high-iron 
aluminum  alloy  is  polished,  the  softer  matrix,  and  the  CuAL  are 
worn  away  rapidly,  but  the  hard  FeAlg  is  not  readily  worn  down, 
and  consequently  stands  in  relief.  Plate  V,  a  and  h,  show  aspects 
of  the  appearance  of  the  brittle  iron-pot  scale  when  included  in 
No.  12  alloy;  Plate  V,  a,  shows  large  inclusions  of  the  brittle  scale, 
and  Plate  V,  b,  shows  the  structure  of  the  large  inclusion  in  Plate 
V,  a.  The  white  areas  in  Plate  V,  6,  correspond  to  the  white  specks 
in  the  inclusion  in  a:  these  areas  are  FeAlj. 
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a  HARD  SPOTS  IN  A  CASTING  THAT  GAVE  MUCH  DIFFICULTY  ON  MACHIN- 
ING UNETCHED,  VERTICAL  ILLUMINATION  (X  7);  6.  M ICROSTRUCTURE 
OF  ONE  OF  THE  SMALL  INCLUSIONS  IN  a.  UNETCHED  (X  100);  c.  INCLU- 
SIONS IN  A  DIE  CASTING  (LARGE  BLACK  AREA,  STONY  HARD  SPOT; 
SMALL  BLACK  NEEDLES.  FeAl,),  ETCHED  NaOH.  OBLIQUE  ILLUMINA- 
TION (X  8);  d.  MICROSTRUCTURE  OF  THE  STONY  SPOT  IN  c  (WHITE 
NEEDLES,   FeAI.).  UNETCHED  (X  30). 
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a,  CRYSTALS  OF  FeAb  IN  A  DIE  CASTING  THAT  POLISHED  POORLY,  ETCHED 
NaOH,  OBLIQUE  ILLUMINATION  (X  8j ;  b.  CRYSTALS  OF  FeAls  IN  UNETCHED 
SECTIONS,  FROM  SAME  SAMPLE  AS  a  (X  30);  c,  NEEDLE  OF  FeAls  FROM  SAME 
SAMPLE  AS  a.  ETCHED  NaOH  (X  150;;  d.  FEATHER  OF  FeAU  (WHITE)  EMBEDDED 
IN  ALLOY  MATRIX  (DARK),  ETCHED  NaOH   (X    150). 
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CAUSES  AND  FACTORS  AFFECTING  THE  OCCURRENCE  OF  HARD 

SPOTS. 

Tlie  experience  of  foiindrymeii.  substantiated  by  microscopic  ex- 
amination of  numerous  samples  of  castings  containing  hard  spots, 
has  shown  tluit  these  spots  may  be  traced  to  definite  causes.  If  the 
causes  of  hard  spots  are  eliminated,  such  inclusions  will  be  absent 
from  in  the  castings.  Suggestions  for  preventing  hard  spots  in 
aluminum-alloy  castings  will  be  given  later  in  this  paper  (see  p.  22)  ; 
the  causes  and  the  factors  affecting  occurrence  are  given  below. 

All  hard  spots  are  doubtless  due  to  foreign  material,  and  there 
is  no  substantiated  evidence  pointing  to  the  possibility  of  their 
being  due  to  the  original  A^rgin-aluminum  ingot  or  to  primary  alloy 
ingot  made  from  virgin  metals,  although  that  possibility  should  not 
be  ignored.  If  primary  melting  stock  is  used  hard  spots  normally 
originate  in  the  foundry  or  die-casting  plant:  if  secondary  aluminum 
ingot  or  secondary  aluminum-alloy  ingot  is  charged,  irony  hard 
spots  may  occur.  (See  discussion  under  "Causes  of  Metallic  Hard 
Spots.")  ' 

CAUSES   OF   NONMETALLIC   HARD  SPOTS. 

In  a  word,  the  essential  cause  of  the  occurrence  cf  actual  nonme- 
tallic  foreign  inclusions  in  aluniinuni-alloy  castings  is  the  charging  of 
foreign  material  into  the  melting  furnace.  New  iron  pots  may  some- 
limes  cause  hard  spots  because  of  the  sand  and  scale  adliering  to  thi'm. 
Inclusions  from  this  source  will  disappear  after  the  pot  has  been  in 
use  a  siiort  time.  As  already  stated,  ncnmetallic  hard  spots  inay  be 
pieces  of  brick  or  stone,  chunks  of  cement,  pieces  of  crucibles,  .small 
particles  of  core  sand  and  molding  sand,  and  other  extraneous  sub- 
stances charged  into  the  melting  pots.  Such  materials  are  likely  to 
be  numerous  in  foimdry-floor  sweepings,  and  nonmetallic  hard  spots 
are  more  likely  to  be  present  when  all-scrap  or  high-scrap  charges  are 
run  than  when  all-virgin  melting  stock  is  used.  Moreover,  surface 
sand  holes  may  be  formed  in  castings  because  of  the  erosion  of  molds: 
hard  spots  due  to  this  are  caused  by  wrong  gating  or  too  rapid 
pouring.  Briefly,  nonmetallic  hard  spots  are  normally  caused  by 
charging  foreign  matter  into  the  melts,  and  if  that  is  kept  out  of  the 
melting  furnace,  it  can  not  get  into  the  castings. 

CAUSES  OF  METALLIC  HARD  SPOTS. 

In  foundry  practice  hard  spots  caused  by  iron  may  be  due  to  four 
main  causes:  (1)  The  use  of  secondary  aluminum  ingot  and  second- 
ary aluminum-alloy  ingot,  high  in  iron;  (2)  the  charging  of  pieces 
of  iron,  such  as  nails,  chills,  core  wire,  steel  chips,  and  drillings,  and 
the  like  with  the  foundry  scrap:  (3)  the  dissolution  of  iron  from  the 
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pots  in  iron-pot  meltinir:  and  (-t)  the.  hard,  brittle,  complex  iron- 
aluniinuni  alloy  that  forms  on  the  sidos  of  the  iron  pot.  As  to  (1). 
secondary  ingot  can  readily  cause  the  occurrence  of  FeAla  spots  be- 
cause of  the  original  high  iron  content  of  such  ingot.  Ordinarily, 
secouilary  ingot  high  in  iron  would  not  be  employed  for  castings 
made  to  specifications  for  the  automotive  industry,  and  rarely,  if  ever, 
for  vacuum-cleaner  and  other  castings  which  must  be  highly  polished. 
Secondary  ingot  should  not  be  discriminated  against,  but  should  be 
analyzed.  Xormally,  secondary  ingot  is  not  used  much  for  die  cast- 
ings. However,  it  may  cause  FeAlg  hard  spots  when  used  for  any 
kind  of  castings  if  the  iron  content  is  liigh,  say  over  2  per  cent. 

Hard  spots  caused  by  nails,  core  wire,  chills,  and  other  bits  of  iron 
and  steel  result  because  this  foreign  metal  is  charged  with  the  scrap. 
When  actual  iron  or  steel  is  charged  into  an  aluminum-alloy  melt 
for  example,  into  No.  12  alloy,  the  iron  w^ill  go  into  solution  in  the 
aluminum  in  the  liquid  state  if  sufficient  time  is  allow^ed.  The  rate 
of  dissolution  of  solid  iron  in  liquid  aluminum  is  governed  b}^  time, 
temperature,  and  other  factors  precisely  as  in  the  solution  of  copper  ^ 
in  liquid  aluminum.  Iron  forms  with  aluminum  the  iron-aluminum 
compound  FeAlj,  soluble  in  aluminum  in  the  licjuid  state,  but  prac- 
tically insoluble  in  the  solid  state ;  on  freezing,  the  FeAlg  will  freeze 
independently  of  the  matrix  in  the  form  of  needles  and  crystals 
which  are  hard,  white,  and  readily  identifiable  under  the  microscope. 
If  the  iron  or  steel  charged  into  the  melting  pots  does  not  have  suffi- 
cient time  to  go  into  solution  in  the  aluminum,  it  will  remain  as 
actual  iron  included  in  the  resultant  castings.  From  the  shape  of 
the  inclusions,  it  may  be  possible  to  determine  what  was  the  original 
form  of  the  iron,  a  nail  or  a  piece  of  core  wire,  for  example.  A 
machine  tool  or  band  saw  designed  and  ground  to  cut  an  aluminum 
alloy  will  not  be  suitable  for  cutting  iron;  consequently,  these  iron 
inclusions  appear  to  be,  and  are,  much  harder  than  the  matrix  of 
the  alloy.  Hard  spots  due  to  included  iron  are  hard  in  the  sense 
that  iron  is  harder  than  aluminum;  they  are  not  necessaril)'^  ex- 
cessively hard. 

Iron  dissolved  from  cast-iron  melting  pots  normally  forms  the 
iron-aluminum  compound  FeAl,.  The  dissolution  of  iron  is  slow 
under  ordinary  conditions  of  melting,  and  the  iron  content  of  alloys 
made  from  primary  melting  stock  is  normally  low  unless  the  heats 
have  been  held  in  the  pot  for  a  relatively  long  time  and  at  a  high 
temperature  during  melting.  Metal  melted  in  a  crucible  or  in 
reverberatory-type    furnaces   lined   with   fire   brick   never   contains 

''  Aaderson,  R.  J.,  Diflfusion  of  solid  copper  in  liquid  aluminum :  Chem.  and  Met.  Eng., 
vol.  23,  1920,  pp.  57.5-577  ;  and  Preparation  of  light  aluminum-copper  casting  alloys : 
Tech.  Paper  287,  Bureau  of  Mines  (in  press). 
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,  IRON-POT  SCALE  IN  SAND-CAST  NO.  12  ALLOY. 
UNETCHED  VERTICAL  ILLUMINATION  (X  7);  b. 
MICROSTRUCTURE  OF  THE  SCALE  IN  a.  FeAb  WHITE, 
UNETCHED    (X    100). 
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ironv   Imnl  spots  imloss  tu'tual   iron   has  lu'cn   rliurged  or  the  iron 
content  of  the  melting  stock  is  high. 

With  regard  to  (4)  above,  when  aluminum  (»r  its  liglit  alloys  is 
iiKiintaineil  as  a  li(|ui(l  in  a  cast-iron  melting  i)ot,  a  complex  ferro- 
ahiminum  alloy  is  t'ormeil  on  the  inside  of  the  pot;  this  alloy  adheres 
(o  the  sides  of  the  pot,  but  pieces  of  it  may  be  knocked  off  into  the 
melt  upon  ladling  oi'  stirring.  TTard  spots  due  to  this  cause  do  not 
ap[)ear  when  melting  is  done  in  a  new  iron  pot  because  n(jne  of  the 
hard  ferro-aluminum  alloy  has  yet  formed,  but  when  melting  is  done 
in  an  old  pot,  which  has  been  run  for  a  number  of  days  without  clean- 
ing and  scraping,  hard  spots  due  to  this  cause  may  be  numerous  in 
castings. 

EFFECT  OF  SIZE  OF  CASTINGS. 

Hard  spots  are  i)resumed  to  be  more  numerous  in  small  castings 
than  in  large  ones,  although  there  is  no  basis  in  fact  for  this  belief, 
because  the  apparent  predominance  of  hard  spots  in  small  castings 
may  be  e.xplained  on  the  ground  that  small  castings  are  more  gen- 
erally i>olished  than  large  ones.  Many  small  die-castings  and  certain 
kinds  of  small  sand-castings  are  polished,  but  large  castings,  with 
certain  exceptions,  are  used  in  the  rough  except  for  necessary 
machining. 

EFFECT   OF    MACHINING   AND   POLISHING. 

Hard  spots  are  said  to  be  seldom  found  in  the  routine  foundry 
inspection  of  castings,  but  they  are  revealed  during  machining  or 
polishing.  Hence,  if  a  given  casting  requires  much  machining,  com- 
plaints by  the  machine  shop  regarding  hard  spots  are  likely  to  be 
more  numerous  than  in  the  manufacture  of  castings  requiring  but 
little  machining.  In  the  same  way,  castings  which  require  polishing 
are  likely  to  show  hard  spots  on  the  polished  surfaces.  Complaints 
as  to  the  presence  of  hard  spots  in  aluminum-alloy  castings  usually 
originate  in  the  machine  shop. 

EFFECT    OF    THE    .METHOD    OF    MOLDING. 

The  method  of  molding  is  a  factor  governing  the  occurrence  of 
hard  spots  to  a  subordinate  extent.  Skim  gates  have  been  sug- 
gested and  used  in  the  attempt  to  eliminate  this  defect,  and  while 
they  may  be  of  some  value  in  barring  out  large  included  particles, 
their  use  is  out  of  the  question  for  small  castings,  and  they  will 
not  keep  small  jiarticles  out  of  the  castings.  Shrink  balls  and  blind 
risers  have  also  been  suggested  and  used  to  prevent  hard  spots,  as 
well   as  to  offset  excessive   contraction,  but   these  devices  can  not 
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be  of  any  value  if  they  are  used  with  the  idea  of  avoiding  hard  spots 
entirely.  Their  use  is  based  on  the  conception  that  the  foreign 
occluded  matter  will  rise  in  the  blind  riser,  but  this  is  patently  not 
founded  on  fact.  Some  of  the  occluded  material  is  of  practically 
the  same  density  as  the  aluminum  alloy,  and  some  of  it  Vnay  be  of 
greater  density :  such  material  remains  more  or  less  fixed  in  position 
in  the  alloy,  wherever  it  happens  to  be.  Blind  risers  can  scarcely 
be  expected  to  effect  the  removal  of  particles  of  less  density  than 
aluminum,  because  if  these  particles  are  not  removed  in  the  melting 
pot  or  pouring  crucible,  they  certainly  Avill  not  be  eliminated  by  a 
shrink  ball  or  blind  riser. 

The  gating  of  castings  is  important  and  influences  the  occurrence 
of  hard  spots.  Wrong  gating  may  cause  erosion  of  the  mold  on 
pouring.  If  there  is  a  sharp  constriction  in  a  runner  leading  from  a 
main  gate  to  the  casting,  larger  foreign  particles  may  be  trapped  in 
the  constricted  area  and  prevented  from  entering  the  casting.  On 
the  other  hand,  if  such  a  constriction  is  at  the  point  where  the  run- 
ner joins  the  casting,  the  trapped  inclusions  will  be  frozen  partly  in 
the  runner  and  partly  in  the  casting;  then,  if  machining  must  be 
done  at  this  point  on  the  casting,  hard  spots  will  be  encountered. 
An  examination  of  the  method  of  gating  and  molding  will  assist 
a  foundryman  to  determine  whether  any  feature  here  may  be  cor- 
rected. 

ErFECT    or    THE    METHOD    OF    MELTING. 

The  effect  of  the  method  of  melting  has  been  alluded  to  above  in 
discussing  the  causes  of  hard  spots.  So  far  as  is  now  known,  it  is 
believed  that  iron-pot  melting  presents  some  disadvantages  which 
other  methods  do  not  have  when  considered  in  relation  to  the  oc- 
currence of  hard  spots.  Such  inclusions  as  are  due  to  foreign  ma- 
terials being  charged  into  the  melting  furnace  can  not  be  blamed 
upon  the  method  of  melting.  However,  although  hard  spots  due  to 
foreign  materials  charged  may  occur  in  any  method  of  melting,  the 
iron  pot  has  the  disadvantage  in  that  iron  may  be  dissolved  and 
chunks  of  the  hard  ferroahmiinum  alloy  may  be  knocked  off  into 
the  melt.  Melting  in  plumbago  crucibles  is  still  a  fairly  common 
practice  in  small  foundries.  If  the  crucibles  are  not  used  so  long 
that  they  become  cracked,  scalped,  and  friable,  crucible  melting  is 
satisfactory  in  relation  to  the  occurrence  of  hard  spots;  but,  if  old. 
worn  crucibles  are  employed,  pieces  and  chunks  are  readily  knocked 
off  and  into  the  melt  on  lifting,  stirring,  and  pouring.  Melting  in  open 
flame  brick-lined  furnaces  or  in  reverberatory-type  furnaces  has  no 
relation  to  the  occurrence  of  hard  spots,  so  far  as  is  known,  unless 
pieces  of  bricks  are  knocked  off  into  the  melt. 
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KFFECT   (IF  THE   QCALITl'   (»F  THE    MEI^TING   STOCK. 

The  effect  of  the  quality  of  the  melting  stock  has  also  been  allutled 
to  in  discussing  the  causes  of  hard  spots.  Castings  poured  from 
prime  virgin  melting  materials  are  less  likely  to  contain  foreign  in- 
cluded nuitter  or  crystals  of  FeAl^  tlian  such  castings  similarly 
poured  and  melted  i'lom  charges  containing  scrap.  Normally,  foun- 
dry-melting charges  for  No.  12  alloy  are  made  up  of  virgin-aluminum 
ingot  plus  50:5(1  aluminum-copper  alloy  and  No.  12  scrap  (gates. 
risers,  defective  castings,  sloppings,  and  sweepings).  Scrap  of  itself 
is  not  necessarily  conducive  to  the  occurrence  of  hard  spots  in  the 
resultant  castings,  but  the  trouble  arises  because  foreign  matter  is 
more  likely  to  be  introduced  with  the  scrap  than  with  virgin  melt- 
ing stock:  hence  it  may  be  stated  that  the  greater  the  percentage 
of  scrap  in  the  charge,  the  more  likelihood  there  is  that  hard  spots 
will  be  found  in  the  castings.  Small  scrap  should  be  charged  by 
fork  rather  than  by  shovel,  and  floor  sweepings  should  be  sieved  to 
remove  particles  of  sand.  All  core  sand  or  other  adhering  sand 
should  be  removed  from  scrap  castings,  which  are  usuallv  charged 
whole,  since  such  sand  may  be  a  prolific  cause  of  hard  spots. 

EFFECT    OF    THE    R.\TE    OF    PRODUCTION. 

Generally  speaking,  hard  spots  are  likely  to  be  more  predominant 
in  castings  from  foundries  where  the  production  is  rushed  than  in 
those  where  a  moderate  rate  of  production  obtains,  and  time  is  al- 
lowed for  careful  preparation  of  the  melting  charges. 

In  general,  carelessness  tends  to  increase  under  the  strain  of  rapid 
work.  Although  this  is  a  minor  matter  it  is  clearly  connected  with 
the  other  more  important  factors  above  mentioned,  and  should  be 
considered  strictly  in  relation  to  them. 

EXPERIMENTS  IN  CONNECTION  WITH  HARD  SPOTS. 

As  pertaining  to  the  present  investigation,  a  number  of  experi- 
ments were  made  to  produce  hard  spots  in  castings  of  No.  12  alloy 
at  will,  with  the  idea  of  attempting  to  ascertain  the  conditions 
which  might  influence  the  occurrence  of  this  defect.  Numerous 
samples  of  castings  and  gates  containing  actual  hard  spots,  submitted 
by  foundries,  were  also  examined  microscopically  in  order  to  deter- 
mine the  nature  of  these  inclusions.  For  convenience,  the  main 
experiments  relating  to  hard  spots  are  referred  to  as  foundry  ex- 
periments and.  laboratory  experiments. 

FOUNDRY  EXPERIMENTS. 

The  foundry  experiments  were  carried  out  at  a  foundry  which  was 
having  considerable  trouble  with  hard  spots  in  castings  at  the  time 
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of  the  investi«ration.  Vucuum-cleaner  castiiii^  were  the  sole  product 
of  this  foundry,  and  because  of  the  design  of  the  castings  as  well  as 
the  machine  work  and  polishing  subsequently  done  upon  them,  hard 
spots  had  been  exceptionally  prevalent.  In  this  foundry.  No.  12 
alloy  is  used  and  the  melting  is  done  in  covered  iron  pots  fired  by 
oil  and  in  crucibles.  Ordinarily  the  melting  stock  is  composed  of 
virgin  alimiinum  ingot,  plus  r)0 :  50  aluminum-copper  alloy,  plus  No.  12 
jirates  and  defective  castings  originating  in  the  manufacturer's  plant. 
Foundry-casting  losses  were  found  to  be  reasonably  low  considering 
the  specialized  type  of  castings  made,  but  the  machine-shop  scrap 
resulting  from  hard-spotted  castings  mounted  to  high  figures  at 
times.  Melting,  molding,  core  making,  and  supervision  were  good, 
but  technical  metallurgical  control  was  not.  Much  of  the  machine- 
shop  difficulty  was  determined  to  be  in  connection  with  machining 
operations  on  a  small  fan,  but  difficulty  was  experienced  also  from 
time  to  time  when  nozzles,  motor  housings,  and  bag  couplings  (addi- 
tional cast  parts  used  in  the  construction  of  vacuum-cleaners)  were 
being  polished.  The  castings  were  poured  at  800°  to  850°  C,  de- 
pending upon  the  individual  jol);  the  fans  were  ordinarily  poured  at 
the  higher  temperature  because  of  the  thinness  of  section.  The 
foundry  experiments  were  carried  out  with  fans  exclusively,  but 
samples  of  the  other  kinds  of  castings  were  also  examined  for  hard 
spots.  The  fan  job  was  molded  by  hand  from  a  brass  pattern,  six 
fans  in  a  mold,  and  no  cores  were  used.  When  the  experimental  sets 
of  fans  referred  to  below  were  being  poured,  all  conditions  were  kept 
ihe  same  as  far  as  was  possible,  and  no  other  variable  factors  than 
the  make-up  of  the  melting  charge  and  the  method  of  melting  entered 
into  the  process.  In  one  of  the  experiments,  however,  the  charge 
was  not  skimmed,  and  in  another  sal  ammoniac  was  used  as  a  flux. 
The  experiments  carried  out  in  the  foundry  are  described  below. 

EXPERIMENT  A. 

A  set  of  vacuum-cleaner  fans  was  poured  from  an  all-scrap  charge 
melted  in  an  iron  pot  without  skimming  off  the  accumulated  dross. 
This  scrap  charge  was  composed  of  gates  and  defective  castings 
originating  in  the  foundry  and  it  was  thought  that  by  using  all  scrap 
and  neglecting  to  skim,  some  variety  of  hard  spots  might  appear  in 
the  resultant  castings.  As  was  expected,  these  castings  were  exceed- 
ingly dirty  and  contained  much  occluded  dross;  moreover,  they  were 
rather  unsoimd  and  inclined  to  be  porous  because  of  the  high  pourmg 
temperature.     (See  PI.  VI.  a,  p.  18.) 

EXPERIMENT  B. 

Another  set  of  fans  was  poured  from  alloy  of  the  same  heat  as  in 
experiment  A,  but  the  metal  used  was  taken  from  the  middle  of  the 
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pot  after  other  (•iistin<;s  had  hvon  jxiurcd  rnuu  the  lop."  Moreover, 
the  metal  in  the  ineltinj;  pot  was  thorou<rhly  skimmed  of  all  dross, 
and  that  in  the  poiirinir  ladle  was  also  (  aitdidly  skiiimifd.  (See 
PI.  VI,  />;  p.  18.) 

KXI'F.inMKNT    <  . 

In  this  ex|)eriment.  the  (•har<re  consisted  of  all-vir;riii  aluminum 
in'^ot  plus  aO:  r)0  alloy,  nudted  in  a  plumbago  ciucible.  The  crueihlr 
was  carefully  skimmed,  and  a  set  of  fans  was  poured  fiom  the  metal 
in  the  top  of  the  crurihle.      (See  PI.  VI.  r,  p.  H.) 

EXl'EKIMKNT    O. 

A  set  of  fans  was  poured  from  the  same  charge  utilized  in  experi- 
ment C,  but  the  metal  remaining  in  the  bottom  of  the  crucible,  after 
the  bulk  of  the  alloy  was  poured  off,  was  used.  (See  PI.  VII,  a. 
p.  li>.) 

EXPERIMENT    E. 

In  this  experiment,  the  charge  consisted  of  50  per  c*nt  virgin 
aluminum  ingot  plus  50:50  alloy  and  50  per  cent  gates  and  defective 
castings;  the  melt  was  made  in  an  iron  pot.  The  pot  was  carefully 
skimmed,  and  a  ladleful  of  metal  from  the  top  was  fluxed  with  sal 
ammoniac  and  used  for  pouring  the  castings.     (See  PI.  VII.  6.  p.  19.) 

EXPERIMENT  F. 

A  set  of  fans  was  poured  from  the  same  charge  as  that  for  experi- 
ment E,  but  metal  from  the  bottom  of  the  pot  was  used.  (See  PI. 
VII,  c,  p.  19.) 

SUMMARY   OF   EXPERIMENTS. 

The  presence  of  inclusions  judged  to  be  hard  as  shown  by  the 
fractures  of  the  gates  in  experiments  A  to  F,  inclusive,  together  with 
a  summary  of  these  experiments,  is  shown  in  Table  1. 
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EXAMINATION   <1F   TIIK    ROUGH    CASTINGS. 

A  convenient  foundry  method  for  det(M'tin<r  the  presence  of  hard 
spots  before  machining  is  to  examine  fractures  of  the  gates.  This 
procedure  will  avoid  any  unnecessary  spoiling  of  castings.  If  the 
lead-otf  gate  or  runner  from  the  main  gate  to  tiie  individual  castings 
is  constricted  in  area  at  any  })oint,  numerous  inclusions  (which  may 
be  hard)  will  be  trapped  at  the  point  of  constriction.  Hence,  when 
the  gates  are  fractured  or  the  castings  simply  broken  off  from  their 
runners,  foreign  included  matter  may  be  seen  in  the  fractures.  If 
the  hard  sjiots  are  microscopic  they  will  not  be  revealed  at  the  sprue 
cutter  or  the  band  saw.  but  if  large  they  may  readily  be  so  revealed. 
In  the  present  experiments  the  fans  were  broken  off  from  the  lead-off 
gates,  and  the  fractures  were  examined  for  foreign  inclusions  visible 
to  the  eye. 

The  examination  of  fractures  of  necessity  may  be  considered  only 
a  rough  foundry  test  indicating  the  presence  or  absence  of  hard 
spots.  Despite  its  obvious  crudity,  such  a  test  is  useful  indeed  for 
that  purpose. 

MACHINE   WORK  ON  THE  EXPERIMENTAL  CASTINGS. 

Of  the  six  castings  poured  in  each  of  the  experiments  A  to  F,  in- 
clusive, three  each  were  machined  according  to  the  regular  operations 
called  for  by  the  job.  All  of  the  castings  could  have  been  machined, 
but  varied  somewhat  in  machining  qualities.  According  to  the  ap- 
pearance of  the  machined  surfaces,  it  might  be  said  that  the  castings 
could  be  rated  as  to  machinability  and  freedom  from  hard  spots  in 
the  following  order :  D,  C,  F,  E,  B,  A.  According  to  this  rating,  all- 
virgin  materials  melted  in  plumbago  crucibles  gave  better  results 
than  the  other  melts  used.  While  the  fact  is  not  entirely  conclusive, 
it  might  be  expected  that  crucible  melting  when  prime  materials  were 
used  would  yield  better  castings  than  iron-pot  melting  when  all-scrap 
or  part-scrap  charging  materials  were  used.  This  is  further  corrobo- 
rated by  examination  of  polished  microsections  cut  from  the  main 
gates  in  the  respective  experiments. 

POLISHING   THE    CASTINGS. 

Three  of  each  set  of  fans  cast  in  experiments  A  to  F,  inclusive,  were 
polished  and  buffed  according  to  usual  shop  practice.  From  visual 
observation  the  castings  may  be  rated  on  appearance  as  follows : 
D.  C.  E,  F,  B,  A.  In  other  words,  fewer  noticeable  inclusions  were 
revealed  on  polishing  the  faces  and  less  dragging  and  scratching  of 
the  polished  surface  by  hard  occluded  particles  was  noted  in  the 
order  given.     Thus,  with  reference  to  the  appearance  of  the  polished 
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surfaces,  the  castings  are  rated  in  practically  the  same   order  as 
those  examined  after  machining. 

METALLOGRAPHY    OF   THE    CASTINGS. 

Microsections  were  cut  from  the  main  gates  and  from  the  actual 
castings  of  experiments  A  to  F,  inclusive,  and  these  were  examined 
for  hard  spots,  general  characteristics,  and  microstructure.  Typical 
macrostructures  of  sections  cut  from  the  main  gates  in  experiments  A 
to  F  are  shown  in  Plate  VI.  a,  h.  and  c.  and  in  Plate  VII,  a,  h, 
and  c.  In  the  macrographs  of  Plates  VI  and  VII  the  black  areas 
may  be  occluded  dross  (hard  or  not  hard),  actual  hard  inclusions,  or 
holes.  Ordinarily,  however,  the  smaller  the  number  of  black  areas^ 
the  smaller  the  number  of  hard  spots,  irrespective  of  dross  or  holes. 

LABORATORY  EXPERIMENTS. 

The  principal  questions  involved  in  the  study  of  hard  spots  from 
the  laboratory  standpoint  have  been  those  associated  with  (1)  the 
composition  of  iron-pot  scale;  (2)  the  composition  of  iron-pot  scrap- 
ings; (3)  the  composition  and  identification  o:^  hard  spots:  and  (4) 
the  production  of  hard  spots  in  aluminum  alloys  at  will.  These 
phases  of  the  investigation  are  dealt  with  below. 

IRON -POT  SCALE. 

It  has  been  claimed  that  hard  spots  due  to  iron-pot  melting  are 
associated  with  the  hard  complex  ferro-aluminum  alloy,  called  iron- 
pot  scale,  which  forms  on  the  sides  of  the  pots.  The  statement  has 
also  been  made  that  if  this  scale  is  scraped  out  thoroughly  hard  spots 
due  to  it  can  be  eliminated.  Furthermore,  it  has  been  claimed  that 
the  scale  is  readily  knocked  off  from  the  side  of  the  pot  into  the 
liquid  melt,  thereby  causing  hard  inclusions. 

If  aluminum  or  one  of  its  light  alloys  is  kept  molten  in  contact 
with  cast  iron,  there  is  a  gradual  dissolution  of  iron  in  the  aluminum 
and  the  concomitant  formation  of  an  iron  rich  iron-aluminum  alloy 
on  the  sides  of  the  pot.  The  iron  content  of  this  alloy  varies 
throughout  the  section  of  the  alloy  adhering  to  the  pot.  being  richest 
in  iron  in  that  part  of  the  alloy  adjacent  to  the  pot  and  leaner  in 
iron  nearer  the  molten  aluminum.  If  liquid  aluminum  is  kept  in 
undisturbed  contact  with  cast  iron  for  a  long  time,  this  iron-rich 
alloy  gradually  builds  up  in  thickness,  and  it  may  become  J-inch 
thick  or  thicker  in  the  bottom  of  a  foundry  pot.  This  hard  iron- 
rich  alloy  is  not  a  simple  binary  iron-aluminum  alloy,  but  may  be 
rather  complex,  depending  upon  the  composition  of  the  melting 
pot  as  well  as  upon  that  of  the  alloy  melted.     In  foundry  practice 
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a,  MACROSTRUCTURE  OF  GATE,  EXPERIMENT  D,  ETCHED  NaOH,  VERTICAL 
ILLUMINATION  (X  7);  b.  MACROSTRUCTURE  OF  GATE,  EXPERIMENT  E, 
ETCHED  NaOH,  VERTICAL  ILLUMINATION  (X  7);  c,  MACROSTRUCTURE  OF 
GATE,  EXPERIMENT   F.   ETCHED  NaOH,   VERTICAL  ILLUMINATION   (X  7). 
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little  opportunitT  is  pven  for  this  allov  to  luiild  up  to  a  consideraltlo 
thickness  on  the  sides  of  the  pot  near  the  top.  Itecause  molten  metal 
is  continually  being  ladled  out  and  additional  cold  metal  char<r^'<l- 
Any  iron-aluminum  alloy  fonned  at  this  i)osition  in  the  pot  may  be 
knocked  otF  by  ladling,  stirring,  or  charging,  but  in  the  extreme  bot- 
tom of  the  pot  conditions  are  different.  It  is  normal  practice  in 
iron-pot  melting  to  keep  a  molten  heel  of  metal  in  the  pot.  and  by 
so  doing  the  bottom  of  the  pot  may  be  in  direct  contact  with  alumi- 
num for  some  time.  If  a  considerable  thickness  of  this  so-called 
scale  has  bnilt  up  in  the  bottom  of  the  pot  or  on  the  sides,  it  is  quite 
adherent  and  not  easily  dislodged,  but  small  accumulations  are  read- 
ily knocked  off.  Since  the  sides  of  the  pot  near  the  top  are  exposed 
both  to  molten  aluminum  and  to  air  at  elevated  temperatures,  the 
deposit  which  forms  at  this  position  in  the  pot  is  likely  to  assume 
the  character  of  an  iron-bearing  aluminum  dross,  and  it  may  be 
hard.  The  composition  of  some  samples  of  iron-pot  scale  and  of 
scrapings  from  iron  pots  has  been  determined.  Table  2  gives  the 
chemical  composition  of  a  number  of  samples  which  were  analyzed. 
The  iron  content  of  scale  scraped  from  the  inside  of  melting  pots  is 
very  variable,  and  the  scale  itself  is  a  complex  alloy,  containing 
iron,  aluminum,  silicon,  carbon,  and  other  elements  in  subordinate 
amounts. 


Table  2. — ('hettiic<il  comjioftition  of  iron-ijot  ncalc  and  scrnpitu/s  from  iron  pots. 


No.  of  sample. 

Description  of  material. 

Chemical  composition. 

Fe. 

Si. 

Al.a 

Total  C. 

1 

Soft  iron-pot  scale 

Per  cent. 

8.80 

11.50 

2.46 

1.39 

13.30 

14.40 

12.20 

10.98 

Per  cent. 
0.43 

Per  cent. 
90.77 

Percent. 

2 

Hard  iron-pot  scale 

3 

Very  soft  iron-pot  scale 

4   

Iroii-pot  scrapings. . 

.41 

9&ao 

5 

do 

6 

do 

7 

do 

8 

Hard  iron-pot  scale 

.47 

86.40 

2.15 

a  By  difference. 

THE  COMPOSITION  AND  IDENTIFICATION  OF  HARD  SPOTS. 

Visual  examination  of  hard  spots  in  castings  will  usually  give  a 
clue  to  the  composition  of  the  inclusions,  but  microscopic  examination 
is  necessary  if  the  inclusions  are  very  small  or  if  accurate  determina- 
tion is  desired.  In  the  foundry  an  approximate  idea  of  the  nature  of 
specific  inclusions  can  be  gathered  by  examining  fractures  or  ma- 
chined or  polished  surfaces  revealing  hard  spots,  either  with  the 
naked  eye  or  under  a  low-power  lens.  Microscopic  examination  is, 
however,  more  reliable  and  should  invariablv  be  carried  out  in  doubt- 
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ful  cases.  The  chemical  composition  of  actual  hard  inclusions  may 
only  be  determined  with  much  difficulty,  because  it  is  almost  impossi- 
ble to  separate  such  inclusions  cleanly  from  the  castinofs.  Chemical 
analyses  of  laro:e  inclusions  have  shown  them  to  be  largely  silica 
(chunks  of  stones),  iron-pot  scale,  and  pieces  of  plumbago-clay  cru- 
cibles. Several  samples  of  small  hard  spots  were  isolated  and  an- 
alyzed, but  they  were  wetted  with  aluminum  and  consequently  ran 
high  in  that  element.  In  certain  samples  silicon  varied  from  0  to  6 
per  cent,  aluminum  from  59  to  87  per  cent,  and  iron  in  subordinate 
amount.  As  a  matter  of  fact,  inclusions  may  be  more  readily  iden- 
tified by  microscopic  examination  than  by  chemical  analyses. 

PRODUCTION  OF  HARD  SPOTS  AT  WILL. 

Numerous  laboratory  experiments  were  made  to  produce  hard  spots 
in  Xo.  12  alloy  at  will.  In  the  main,  the  attempt  was  made  to  cause 
the  occurrence  of  hard  spots  in  small  melts  of  No.  12  alloy  by  stirring 
the  following  substances  into  the  liquid  alloy : 

1.  Core  sand. 

2.  Silica  sand. 

3.  Small  pieces  of  plumbago  crucible. 

4.  Sievings  from'  floor  sweepings. 

5.  Ground  brick. 

6.  Ground  cement. 

7.  Bits  of  iron  nails. 

8.  Bits  of  core  wire. 

9.  Bits  of  iron-pot  scale. 

10.     Finely  divided  aluminum  dross. 

By  so  doing,  it  was  possible  to  reproduce  the  conditions  that  are  con- 
ducive to  the  occurrence  of  hard  spots  in  the  foundry,  and  these  ex- 
periments have  served  usefully  to  corroborate  conclusions  drawn 
from  the  examination  of  actual  hard  spots  in  castings.  The  above 
experiments  are  of  such  an  elementary  character  that  no  detailed 
account  is  deemed  necessary. 

SUMMARY  AND  CONCLUSIONS. 

In  considering  the  effect  of  the  occurrence  of  so-called  hard  spots 
in  aluminum-alloy  castings  upon  casting  losses  in  foundry  practice, 
it  is  advisable  to  recall  that  a  not  inconsiderable  percentage  of  the 
castings  returned  from  the  machine  shop  may  be  rejected  because  of 
this  defect.  Any  constructive  code  of  rules  that  will  apply  t(3 
foundry  practice,  looking  to  the  prevention  of  hard  spots  in  castings, 
should  be  of  value  to  foundrymen  and  materially  assist  in  reducing 
losses  of  all  kinds  which  are  caused  by  this  defect.  The  problem  is 
one  which  is  mainly  the  concern  of  individual  foundries,  and  their 
profits  irrespective  of  its  broader  economic  aspect.     Since  it  has  been 
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irnpossibU'  \u  ()l)t:iin  li^nirrs  as  to  the  nioiiciaiy  Iosm's  occasioncMl  by 
this  (lifKfiilty.  no  estiiiiatos  can  Uv  made  of  the  actual  losses  of  the 
country.  Siillicicnt  evidence  is  available,  however,  to  indicate  that 
the  losses  are  sulliciently  serious  to  re(|uire  the  carefid  attention  of  all 
foundries,  and  that  steps  should  be  taken  to  reduce  them  to  a  mini- 
mum by  applying  constructive  measures  in  each  foundry.  Ha.sed  upon 
the  experience  of  the  numerous  foundrymen  who  have  cooperated  in 
this  investi«r5ition,  and  upon  the  results  of  the  study,  it  is  apparent  that 
careful  attention  to  certain  aspects  of  foundry  practice  may  substan- 
tially prevent  the  occurrence  of  hard  spots,  which  <;ive  difficulty  on 
nmchinin«r.     Su<rg:ested  methods  are  discussed  briefly  below. 

METHODS  OF  PREVENTING  HARD  SPOTS. 

Hard  spots  due  to  foreign  matter  other  than  iron  originate  in  the 
foundry  and  can  be  i)revented  by  not  allowing  such  materials  to 
get  into  the  melting  furnace.  When  the  melting  room  and  foundry 
floor  are  being  cleaned  to  gather  up  small  pieces  of  metal,  sloppings, 
overruns,  and  the  like.  dirt,  gravel,  sand,  cement,  pieces  of  brick,  and 
chunks  of  broken  crucibles,  etc..  are  swept  up.  Unless  these  floor 
sweepings  are  sieved  and  forked,  such  foreign  materials  are  likely 
to  be  charged  into  the  melting  furnace.  The  presence  of  foreign 
materials  in  the  melting  charge  can  be  largely  eliminated  by  care- 
fully watching  what  goes  into  the  furnaces.  Carelessness  is  the  main 
cause  of  the  presence  of  such  foreign  materials,  but  under  the  con- 
ditions brought  about  by  fast  practice,  the  requisite  care  can  not 
always  be  given.  However,  whether  under  fast  practice  or  a 
moderate  rate  of  production,  it  will  pay  to  watch  the  quality  of  the 
melting  charge. 

All  small  foundry  scrap  should  be  forked  i)efore  charging,  and 
floor  sweepings  should  lie  sieved.  Some  of  the  foreign  material 
which  is  inadvertently  charged  into  the  furnace  may  be  removed 
by  skimming  and  fluxing,  but  it  is  not  safe  to  rely  upon  these  prac- 
tices to  overcome  the  evils  of  a  dirty  charge.  If  the  admixed  foreign 
nuitter  is  readily  wetted  by  aluminum.'  and  is  of  nearly  the  same 
density  as  the  metal,  or  both,  it  will  remain  in  the  liquid  metal  and 
ultimately  appear  in  the  castings.  In  crucible  melting,  particularly 
where  the  crucibles  are  old.  badly  cracked,  and  weak,  pieces  of  tlie 
crucible  may  fall  or  be  knocked  into  the  metal  and  carried  into  the 
castings.  Where  plumbago  crucibles  are  used  for  pouring  with  any 
kind  of  melting  practice,  pieces  of  the  crucible  may  be  found  in  the 
castings,  hence  crucibles  should  not  be  used  too  long  or  until  they 
become  cracked  and  readily  friable.  Xo  core  sand  should  be  left 
in   defective   castinjrs  that    are   remelted.   as  the   hard,   fine,   silica 
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particles  may  give  rise  to  small  hard  spots.  Foreign  nomneta  ic 
hard  spots  can  be  largely  eliminated,  provided  sufficient  atteni  >n 
is  given  to  the  charging  practice. 

The  status  of  conditions  occasioning  hard  spots  caused  dire  ) 
or  indirectly  by  iron  has  already  been  explained  at  some  length.  '  e 
iron  content  of  Xo.  12  alloy  or  other  alloys  made  from  second  y 
ingot  can  be  kept  within  reasonable  limits  by  using  only  such  ii  )t 
as  is  reasonably  low  in  iron.  Difficulties  brought  about  by  the  ^ 
of  secondary-  ingot,  or  scrap  castings  purchased  from  outside  soui  s, 
can  be  readily  eliminated  by  chemical  analytical  control.  Act  il 
irony  hard  spots  caused  by  charging  nails,  core  wire,  chills,  and  1 5s 
of  iron  and  steel  can  be  prevented  by  careful  attention  to  the  qua  y 
of  the  charge.  Mechanically  admixed  iron  appearing  in  the  foun  y 
scrap  or  in  floor  sweepings  can  be  removed  by  screening  and  forki  r, 
or  b}'  electromagnetic  apparatus  if  required.  If  small  loose  so  p 
is  charged  by  fork  rather  than  by  shovel,  small  particles  of  iroE  t 
nonmetallic  particles  should  readily  fall  between  the  tines  of  a  it  c, 
whereas  they  would  be  retained  by  the  shovel  and  go  into  the  chai  ',. 
However,  if  too  much  scrap  is  picked  up  on  the  fork,  the  small  pit  s 
will  not  fall  through  and  forking  does  no  good.  Unless  small  for  s- 
ful  of  scrap  are  taken  and  the  scrap  shaken  up  and  down  on  the  f(  :, 
forking  is  useless.  In  certain  foundries,  forks  are  used  like  shov  ,, 
but  if  they  are  not  used  correctly  they  may  as  well  not  be  used  at  I. 
The  practice  of  charging  borings  and  turnings  has  practically  b^  a 
abandoned,  and  these  are  usually  run  down  into  ingots  before  cha  - 
ing.  However,  in  a  machine  shop  iron  and  steel  drillings  and  tui  - 
ings  may  become  admixed  with  aluminum-alloy  borings.  If  t  s 
happens  and  such  borings  are  charged  directly  hard  spots  due  to  ii  i 
may  appear  in  the  resultant  castings.  Unless  it  is  known  tit 
aluminum-alloy  borings  are  free  from  mechanically  admixed  ir<  . 
they  should  not  ordinarily  be  charged  directly.  At  best  it  is  i 
good  practice  to  use  borings  in  melting  charges  because  of  hea 
dross  losses. 

Hard  sj^ots  due  to  the  brittle,  complex,  ferro-aluminum  alloy  whi  i 
forms  on  the  sides  of  iron  pots  may  be  largely  prevented  by  th' 
oughly  scraping  the  pots  at  frequent  intervals  and  removing  t 
accumulated  scale.  If  eight  or  nine  hour  practice  obtains,  the  p< 
should  be  scraped  at  least  once  a  day,  say  at  night,  and  preferal 
twice  a  day,  at  noon  and  night.  If  two  shifts  are  working,  m( 
frequent  scrapings  will  be  advisable.  All  of  the  hard  alloy  shou 
be  removed  so  that  the  pot  is  clean,  and  if  necessary  the  pot  shou 
be  dumped.  Moreover,  during  the  time  the  pot  is  in  melting  opei 
tion.  care  should  be  taken  that  ladles  or  stirrers  do  not  hit  the  sicl 
of  the  pot ;  otherwise,  some  of  the  accumulated  scale  may  be  knock' 
off.    In  the  same  way,  the  scale  may  be  dislodged  at  charging  tin 
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Bj  areful  attention  to  the  foregoing  items,  the  occurrence  of 
hard  pots  in  aluminum-alloy  castings  that  give  rise  to  difficulty 
on  n   hining  and  polishing  can  be  largely  eliminated. 

PUBLICATIONS  ON  NONFERROUS  METALLURGY. 
V  nited  supply  of  the  following  publications  of  the  Bureau  of 
Min.  has  been  printed  and  is  available  for  free  distribution  until 
the  .  ition  is  exhausted.  Requests  for  all  publications  can  not  be 
•rrat  d,  and  to  insure  equitable  distribution  applicants  are  requested 
to  h  it  their  selection  to  publications  that  may  be  of  especial  in- 
ters to  them.  Requests  for  publications  should  be  addressed  to 
till'    rector,  Bureau  of  Mines. 

T  Bureau  of  Mines  issues  a  list  showing  all  its  publications  avail- 
able or  free  distribution  as  well  as  those  obtainable  only  from  the 
Sup  intendent  of  Documents,  Government  Printing  Office,  on  pay- 
mer  of  the  price  of  printing.  Interested  persons  should  apply  to 
the   irector,  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 
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particles  may  give  rise  to  small  hard  spots.  Foreign  nomuetallic 
hard  spots  can  be  largely  eliminated,  provided  sufficient  attention 
is  given  to  the  charging  practice. 

The  status  of  conditions  occasioning  hard  spots  caused  directly 
or  indirectly  by  iron  has  already  been  explained  at  some  length.  The 
iron  content  of  Xo.  12  alloy  or  other  alloys  made  from  secondary 
ingot  can  be  kept  within  reasonable  limits  by  using  only  such  ingot 
as  is  reasonably  low  in  iron.  Difficulties  brought  about  by  the  use 
of  secondary-  ingot,  or  scrap  castings  purchased  from  outside  sources, 
can  be  readily  eliminated  by  chemical  analytical  control.  Actual 
irony  hard  spots  caused  by  charging  nails,  core  wire,  chills,  and  bits 
of  iron  and  steel  can  be  prevented  by  careful  attention  to  the  quality 
of  the  charge.  Mechanically  admixed  iron  appearing  in  the  foundry 
scrap  or  in  floor  sweepings  can  be  removed  by  screening  and  forking, 
or  b}"  electromagnetic  apparatus  if  required.  If  small  loose  scrap 
is  charged  by  fork  rather  than  by  shovel,  small  particles  of  iron  or 
nonmetallic  particles  should  readily  fall  between  the  tines  of  a  fork, 
whereas  they  would  be  retained  by  the  shovel  and  go  into  the  charge. 
However,  if  too  much  scrap  is  picked  up  on  the  fork,  the  small  pieces 
will  not  fall  through  and  forking  does  no  good.  Unless  small  forks- 
ful  of  scrap  are  taken  and  the  scrap  shaken  up  and  down  on  the  fork, 
forking  is  useless.  In  certain  foundries,  forks  are  used  like  shovels, 
but  if  they  are  not  used  correctly  they  may  as  well  not  be  used  at  all. 
The  practice  of  charging  borings  and  turnings  has  practically  been 
abandoned,  and  these  are  usually  run  down  into  ingots  before  charg- 
ing. However,  in  a  machine  shop  iron  and  steel  drillings  and  turn- 
ings may  become  admixed  with  aluminum-alloy  borings.  If  tliis 
happens  and  such  borings  are  charged  directly  hard  spots  due  to  iron 
may  appear  in  the  resultant  castings.  Unless  it  is  known  that 
aluminum-alloy  borings  are  free  from  mechanically  admixed  iron, 
they  should  not  ordinarily  be  charged  directly.  At  best  it  is  not 
good  practice  to  use  borings  in  melting  charges  because  of  heavy 
dross  losses. 

Hard  spots  due  to  the  brittle,  complex,  ferro- aluminum  alloy  which 
forms  on  the  sides  of  iron  pots  may  be  largely  prevented  by  thor- 
oughly scraping  the  pots  at  frequent  intervals  and  removing  the 
accumulated  scale.  If  eight  or  nine  hour  practice  obtains,  the  pots 
should  be  scraped  at  least  once  a  day,  say  at  night,  and  preferably 
twice  a  day,  at  noon  and  night.  If  two  shifts  are  working,  more 
frequent  scrapings  will  be  advisable.  All  of  the  hard  alloy  should 
be  removed  so  that  the  pot  is  clean,  and  if  necessary  the  pot  should 
be  dumped.  Moreover,  during  the  time  the  pot  is  in  melting  opera- 
tion, care  should  be  taken  that  ladles  or  stirrers  do  not  hit  the  sides 
of  the  pot ;  otherwise,  some  of  the  accumulated  scale  may  be  knocked 
off.    In  the  same  way,  the  scale  may  be  dislodged  at  charging  time. 
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By  ciiieful  attention  to  the  foref^oin^  items,  the  occurrence  of 
hard  spots  in  aluminum-alloy  castings  that  give  rise  to  difficulty 
on  marhiiiiiig  and  polishing  ran  ho  largely  eliminated. 
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the  Director.  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 
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Technical  Paper  96.  Fume  and  other  losses  in  condensing  quicksilver  from 
furnace  gases,  by  L.  H.  Duschak  and  C.  N.  Schuette.     1918.     29  pp..  4  figs. 
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c 


24  INCLUSIONS   IN    ALU.MINUM-ALLOY   SAND   CASTINGS. 

Technical  I'apek  143.  The  ores  of  copper,  lead,  jiold,  aud  silver,  by  C  H. 
Kultuu.     1916.     41  pp. 

Technical  Tapek  149.  Answers  to  questions  on  the  flotation  of  ores,  by  O.  C. 
IJaisron.     1917.     3o  pp. 

Technical  Paper  1.")1;.  The  inflammability  of  ahuniuum  dust,  by  Alan  Leigh- 
ton.     1918.     15  pp. 

Technical  I'apek  17G.  Hihliojrraphy  of  recent  literature  on  flotation  of  ores, 
July  1  to  Heceuiber  31,  191G.  by  D.  A.  Lyon,  O.  C.  Kalstou,  F.  B.  Lauey,  and 
K.  S.  Lewis.     1917.     27  pp. 

Technical  Paper  177.  Treparatiou  of  ferrouraniuni,  by  H.  W.  Gillett  aud 
E.  L.  Mack.     1917.    46  pp.,  2  tigs. 

Technical  Paper  182.  Flotation  of  chalcopyrite  in  chalcopyrite-pyrrhotite 
ores  of  Southern  Oregon,  by  Will  H.  Coghill.     1918.    13  pp.,  1  fig. 

Technical  Paper  2(K.».  Colloids  and  flotation,  by  F.  G.  Moses.     1918.     24  pi). 

Technical  Paper  211.  Approximate  ciuautitaiive  microscopy  of  powdered  ores, 
by  W.  H.  Coghill  and  J.  P.  Bonardi.    1919.    20  pp.,  3  pis. 

Technical  Paper  225.  The  vapor  pressure  of  lead  chloride,  by  E.  D.  Eastman 
and  L.  H.  Duschak.    1919.    16  pp..  2  pis.,  2  figs. 

Technical  Paper  227.  The  determination  of  mercury,  by  C.  M.  Bouton  aud 
L.  H.  Duschak.    1920.    44  pp.,  2  pis..  1  fig. 

Technical  Paper  230.  The  determination  of  molybdenum,  by  .J.  P.  Bonai-di 
and  W.  L.  Barrett.    1920.    35  pp. 

Technical  Paper  241.  Blowholes,  porosity,  and  unsoundness  in  ahuuinum- 
alloy  castings,  by  R.  J.  Anderson.     1919.     34  pp.,  5  pis..  1  fig. 

Technical  Paper  251.  Ventilation  in  metal  mines,  by  Daniel  Harrington. 
1921.    44  pp. 

Technical  Paper  270.  The  detection  and  estimation  of  platinum  in  ores,  by 
C.  W.  Davis.    1921.    28  pp. 

PUBLICATIONS  THAT  MAT  BE  OBTAINED  ONLY  THROUGH  THE  SUPERINTEND- 
ENT OF  DOCUMENTS. 

Bllixtin  70.  A  preliminary  report  on  uranium,  radium,  and  vanadium,  by  R. 
B.  Moore  and  K.  L.  Kithil.    1913.    101  pp..  4  pis.,  2  figs.    15  cents. 

Bulletin  77.  The  electric  furnace  in  metallurgical  work,  by  I>.  A.  Lyon,  R.  M. 
Keeney.  and  J.  F.  CuUen.     1914.     216  pp..  56  figs.     25  cents. 

Bulletin  81.  The  smelting  of  copijer  ores  in  the  electric  furnace,  by  L).  A.  Lyon 
and  R.  M.  Keeney.    1915.    80  pp.,  6  figs.    10  cents. 

Bulletin  98.  Report  of  the  Selby  Smelter  Commission,  by  J.  A.  Holmes,  E.  C. 
Franklin,  and  R.  A.  Gould,  with  reports  by  associates  on  the  commissioners' 
staff.    1915.    528  pp.,  41  pis..  14  figs.    .$1.25. 

JiviAjETiy  103.  Mining  and  concentration  of  carnetite  ores,  by  K.  L.  Kithil  and 
.7.  A.  Davis.    1917.    124  pp..  14  pis..  6  figs.    25  cents. 

Bulletin  108.  Melting  aluminum  chips,  by  H.  W.  Gille.t  and  (i.  M.  .Tames. 
1916.     88  pp.    10  cents. 

BuLUCTiN  122.  The  principles  and  practice  of  sampling  metallic  metallurgical 
materials,  with  special  reference  to  the  sampling  of  copjier  bullioiL  by  Edward 
Keller.    1916.    102  pp.,  13  pis.,  31  fig.s.    20  cents. 

Bulletin  1.50.  Electrodeposition  of  gold  and  silver  from  cyanide  solutions,  by 
S.  B.  ChrJ.'Jty.    1919.    171  pp.,  8  pis.,  41  figs.    25  cents. 

Bulletin  154.  Mining  and  milling  of  lead  and  zinc  ores  in  the  Missouri- 
Kansas-Oklahoma  zinc  district,  by  C.  A.  Wright  and  H.  A.  Buehler.  1918.  134 
pp.    17  pis.,  13  figs.    30  cents. 


PUBLICATIONS   ON    NONP'KRROl'S    MKTALMIUiY.  25 

Bulletin  157.  Innovations  in  the  metallurgy  of  Ic.-hI,  l>y  I>.  A.  Ly«u  ••iii'l  <  >.  c. 
Ralston.     iniS.     176  pp.    18  flps.    'JO  cents. 

BirLFJETi.N  171.  Meliins  brass  in  a  rocking  electric  I'miuii't',  liy  II.  \V.  (liilctt 
and  A.  I-:.  .KhoiMls.     IIHS.    181  pp.    4  pis..  1  Hjr.    2r>  cMits. 

Bi'i.LKTiN  178.  Miiiiffiincso :  uses,  pn-panition.  ininin^r  <'osls,  niamiliKtiirc  of 
ferroiillnys,  l>y  ('.  M.  Wrld  mn)  others.     T.rjo.     -jo'.i  |,|,.,  i;{  ji^s.    ;U)  rents. 

Bui.i.ETiN  184.  The  manufacture  of  sulpliuric  arid  in  the  Ignited  States,  by 
A.  K.  Wells  and  D.  K.  Ko^ti.     IIVJO.    'JIO  pp..  18  pis.,  3(5  tl>rs.    40  rents. 

TEcirMfAi,  I'Ai'Ku  GO.  The  approximate  meltin;:  points  of  some  <'oniiuerriaI 
copper  alloys,  by  H.  W.  Glllett  and  A.  B.  Norton.    1!>18.    10  pp..  1  Hr.    5  cents. 

Technical  Paper  83.  The  buying  and  .selling  of  or»>s  and  metallurjrical  prod- 
ucts, by  C.  H.  Fulton.    1915.    43  pp.    5  cents. 

TECHNicvr,  Paper  95.  Mining  and  milling  of  lead  and  zinc  ores  in  the  Wis- 
consin district.  Wisconsin,  by  C.  A.  Wright.  1915.  89  pp..  2  pis..  5  Hgs.  10 
cents. 

Teciimcai,  Papkk  179.  Pieparedness  census  of  mining  engineers,  metallur- 
gi.sts  and  chemists,  by  A.  H.  Fay.    1917.    17  pp.    5  cents. 

Technical  Paper  189.  Temperature-viscosity  relations  in  the  ternary  system 
CaC-AhOjT-SiO,,  by  A.  L.  Feild  and  P.  H.  Royster.  1918.  35  pp.,  1  pi.,  16  tigs. 
5  cents. 

Technical  P.\per  198.  Sulphur  dioxide  method  for  determining  copper  min- 
erals in  partly  oxidized  ores,  by  C.  E.  Van  Barneveld  and  E.  S.  Leaver.  1918. 
14  pp.,  1  fig.    5  cents. 

o 


